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57 -290 
-173 12 - 3 139 
-122 129 
-105 99 

Skylight polarization measurements niade a t  Washing- 
ton on 11 dn s, with the sun at  zenith distance GO", 
give a mean o 7 56 er cent, with a maximuni of 65 per 
cent on tlia 19th. !hiis latter is 7 per cent leas tlian tlie 
highest September polarization ineasureiuent previuusly 
obtained at  Wnaliington. 
TABLE 5.- Vapor pressures at pyrheliometric stntioiis on d a y  when solar 

radiation ititeiisities were imasured. 

463 
485 
482 
322 
59 

SHADING EFFECT O F  WEE INSECT CAGES. 

By HERBERT H. KIMBALL, Professor of Meteorology. 

[Dated Weather Bureau, Ortober 26, 1916.1 

In  the cleprtrtmental experiments designed to discover 
methods for prot.ec.t,ing p1ant.s from insec tr enemies some 
p1:tnt.s tire wholly inc.losed by a ' ' cage ' or frnmework cov- 
ered with wire n-inclow screening. Such B screen of course 
intercepts a certain sniouiit of the solar energy otherwise 
supplied t.o the plniit, m c l  it was desired to determine this 
sc.reening effect as esact.ly as possible, since the screen 
niust, be left over the plant for a considerable period of 
it,s gwwt.21 in order to gib-e effective protection against 
insects. 

The tesbs here describcd mere made m-ith a wire insect 
cage subiiiit,t,ecl by Dr. B. R. C'oad, Bureau of Entomology, 
Uiiited St.ates Department of Agriculbure, in charge Delta 
Laboratory, TalluIn.h, La. The cage is made of 16-mesh 
wire cloth, t.he cliriniet.cr of t,he wire nien.suring 0.011 + 
in. It, is therefore presunied t.0 be No. 29 wire, Aniericaii 
gage, with B clianieter of 0.011257 in. The wires of the 
woof are st,raighb. Those of t,he war]) are bent in cross- 
ing the woof, at, an angle whose sine is 225.14/685= 
0.3603, or 21' i'. The wircs of the warp run vert,ically 
in the sides of t,he cage, niitl if the side containing the 
door is on thc nort,h side they run north and sout,h in the 
top of the crlge. 
In niensuring the transmission of t,he wire cloth a 

Smi t.lisoni:tn silver disk pyrhelioniet.er was read inside 
the cage, wliile a t  the snme time the tot,al radiat.ion was 
niensured by means of n Marvin pyrlieliome t,er esposed 
ncwr by. At inteil-als t,he t.wo instrunient.s were com- 
pnrecl by esposing bot.11 t.o the t,ot.al solar radiation, and 
the resu1t.s are summarized in Table 1. 

TABLE l . -S t :mtmy  of compai-isoils of Maripin and Smithsoii.init pyr- 
hdiot t ic tm.  

[ltndiation in gram-calories pcr min., per sq. em.] 
Madi- 
son. 

;r.-cal. - 64 
129 
37 

- -83  
-135 

131 
- 4 2  

136 
11s 

-241 

. -. _. 

Wasliiugton. D. C. l i  Madisou. Wis. !I Lincoln. Nebr. j l  Santd Fe. N. Mcx. 

Lin- 
coln. 

Gr.-caZ 
-152 

17 
8 

95 
20 
6 

- 7 3  
107 

4 
-119 

-- 

I I _  

D i t ~ .  

19lG. 
Sept. 1 

3 
! 
B 
8 
9 

10 
11 
13 
16 
1s 
19 
20 
21 
22 
23 
24 
25 
27 
30 

.Is0 
362 
5SO 
573 
525 
230 
321 
40s 
554 
533 

402 
377 
410 
231 
126 
49s 
459 
154 
512 

32s 
51s 
423 
269 
244 
506 
329 
501 
Is2 
119 

413 
180 
346 
223 
230 
201 
4GG 
49s 
189 

-364 
-190 

L S  

102 

- 33 
231 
31s 

50s 

598 

420 

- 11 
119 
139 
51 

-101 
-175 
-130 

130 
135 

i i n  I Si0 
97 I s6li 

- 1 S74 
43 I 9OS 

-23s , 962 
18 I 1 0iS ! 

139 I 1:0i? 
7 I i79 I 

S2 : 935 I 

.!-1-._!1..--. 
, -irlfl. Airdll. 1915. 
10.9; lls.59 1Seyt.z 
5.81 .10.<li 7 

' 3 . 3 0 ,  4.67 I/ S 
:4.37 1.95 13 
I 5 . i 9  i . O 1  :! 14 
16.10 ' 7.5; I 15 
, 7.99 ln.97 i 26 

i -m. ~ -irfi:.' 19iIj. 
116.20 1 l .W 1Sept.2 

G . 0 2  , X.18 I 5 
110.9i la. 1:: 14 
lili.zn lti.79: 1s 
i1; . d ,  . -  1%5Y I 1Y 

I1" -.2s ~ 9 x 3  29 

I 9.s3 ' 9.14 I1 

'17.37 .115.59 :I 21 

i 7.29 15.4s i 
14.10 17.37 s.4s 9.14 11 

'12.0s I 7.87 ! 
7.57 110.59 I 8. 4S '10.59 1 ,10.97 111.51 , 5.16 I 6.50 

i 
I I 

i 

I 

I 
I 
i 

....... .- I I I, ---_- . ---- .................. 

Table 3 shows an escess of radiation as conip:irecl with 
t.he September average, nniouiiting to 8.1 per cent, for 
Washington, 2.9 per cent for Mtkdison, nncl 7.4 per cent 
for Liiicohi. 
TABLE 3.-Daily totals and departiires nf solar und sty radiation diiriug 

[iframcalories per square centimeter of horlzonlal surface.] 

Septeiti brr, 1916. 

....... _. __ 
Excess or deficiener 
slnce first of montli. lepartures from normal Daily totals. 

-_ 
Lin- 
coin. 

Day of 
month. 

- 

1916. 
Seyt. 1 

2 
3 
4 
5 
6 
7 
S 
9 

10 

11 
12 
13 
14 
15 
1G 
17 
1s 
19 
20 

- 
rash-  
ogton 

:r.-ea1 
63 

- 53 
167 
161 
115 

-1% 
- s5 

4 
152 
133 

4 - 1s 
17 

-160 
-263 

112 
75 
73 

163 
123 

- 

...... 
1GS 
103 - 10 

8 
31 
54 

116 
-6 

-293 
156 

...... 

...... 

...... 

ngton. 

?r.-cal. 
290 
157 
443 
530 
452 
435 
354 
532 
426 
301 

127 
427 
551 
539 
506 
491 
544 
51Li 
408 
452 

:r.-cal. 
83 
10 

177 
338 
453 
275 
190 
194 
316 
4 79 

I late awl tinis. 
f75th tuer.~ 

1916. 
Aug. 14,1O:3S a. m.. 

14.1:ds p. m 
18, l1:E a. in.. 
22, 1l:Oti 8. m 

............... 1.012 
1.377 1.3M 0.994 

1. m 
1.016 

.................. ............... ................. 
' __._I 1 

In t,he first t.ransmission t.est.s niade the t.op or a side of 
the cage was kept norninl t.0 t,he incident so1a.r rays, this 
ndjustnient, being ninint.ainec1 by wntchin the shadow 

of tlic \mrp crnst, no more shadow t.lian the st.raight wires 
of t.he woof. 

The entire area of a unit square of the wire cloth, 
which is comprised bet.ween t,he ases of the bounding 
wires, equals (0.0629 in.)?, or 0.003906 sq. in. The area 
of the clcsr space which tm1ismit.s radiation equals 
(O.OG2.5 in.-0.011257 in.Y, or 0.008626 sy. in. The 
proport.iond part, of t.he radiation t.ransniitt.ed should 
therefore be 2626!3006=0.673, and t,lie part cut off by 
shading = 0.32% The measurements summnrized in 
Table 8 g i n  a son1ewhn.t. greater shading effect than the 
aboye. 

cast by the frame. Wlien thus adjusted t. 7 ie bent wires Decade depsrture.. ............ 
Sept . 505 

498 
4 y3 
3152 
423 
139 
4 22 
511 
376 
445 

147 
133 
252 
391 
443 
341 
1 &3 
33 

103 
29s 

210 31 I Decade departure.. ............ 
Excess or de5ciency since first of 

year: 
Gr.-cal.. .......................... 
Per cent. ........................ 

; 330 

....... 
+3,003 

+ 2.R 
........ 
........ 
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Date and time. 
(75th mer.) 

TABLE Z.-Determinntions of thc transn~ ission couficent, a, of wire scrwL 
when normal to the iiicident solar rays. 
[Radiation in gram-calories per Iuin., per sq. cm.] 

I I 

~ u m -  I Radiation. 
k r  of 
ye3d- 
In@. 1 Total. 

&.-pa?. 
0.941 

0.928 
0.i;S 

0.i5i 

0.762 

I-' I - - 

0.002 

0. BT" 
O.GS2 

0.670 

0.W 

17,11:413.m __.. 
.. 

9 1  1.130 i 1.145 
! 

s!ma- 
1ng 

etrect. 

3:?5 p. 111. ... 
1041 3. m.... 
11:11 8. m.... 

bUP. 17: 

0 . 3 3  

0. S?S 
0.318 

0.330 

0.334 

0.336 

9 

9 
9 

Remarks. 

1916. 

10:01 a. m.... 
lo:% a. m.... 
1:?5 p. m.... 

.ius. 1s: 

Aug. ??: 

Through top or 

Through sidc or 

Through top 01 

cage. 
TIO. 

cape. 

c3ge. 
1.h 

7 
9 

9 

The receiving surface of the pj-rhulionie tcr is always 
normal to t,he incident solar rays. The angle of inriclence 
with the wires of the warp and of the woof may be aiiy 
angle from 0' (normal incitlmce) to 90'. In stutlging 
the shading effect of the wircs with the incitlcnt :i.ngle 
other than 0' we will for convenience consider a unit 
mesh of the cloth t.o consist of the clear space 0.051243 
in. square, bountlerl on one side by a wire of the wiwp 
and on ttn adjacent side hy a wire of the woof, tho wires 
overiapping a t  a. corncr. 'L'hr? relative 1mgt)lis of t.he 
projections upon thc pyrnelionie tric soiface of these 
three sections of wire-warp, woof, pntl a corner-if 
the plane of the cloth is normal to the incident rags, 
are 0.450, 0.450, and 0.100, respecDively. Let the an le 
of incidence of the solar rays witt.h wires of the woof a e 
Oo, and at right anwles to t,licsc! wires let the angle of 
incidence with the $*ne of the cloth be i. An increased 
numhcr of individual squares of the mesh will now he 
projected upon the p;vrheliometric. surface, but their 
projected area will he t,he same as before. The pro- 
jected number of wires of the warp, their length, and in 
consequence their projected area, reninin unchanged. 
In  the case of the wires of the woof, however, while their 
ro'ected length is unchanged, their nuniber has increased 

in t e pro ortion l/cos .i. Therefore, tlic arm of shadow 

by the equation 
now cast e )y the three sections of wire niay be espressed 

S = 0.450/~0s i + 0.450 + 0.100 (1) 
where S is the area of shadow cast I-,g thc wircs as com- 
pared to the area when the wire cloth is normal to the 
incident rays. 

In  Table 3 nre suinniarized measurenien6s made under 
the conditions clescrihecl above. It is to he noted t.hat 
the average value of (100- cc)/S is pmct,icnlly what would 
be espectecl froni t,he size of t,he wire niicl the mesh of the 
clot,h. 

Assuming that the solar rays are parallel rays, coni- 
plete shadlng by t.he wires of the woof will occur when 
cosine = 112.57/635 = 0.1501. Substituting in equa- 
tion (1) we ohbnin 0.450/0.1S01+0.55=3.05. Also, 
1.000/0.328 = 3.05; or, the area sliaded when the wire 
cloth is norninl to t,hc incident rays niust be increased 
3.05 times for coniplete shading. 

The angle i litis been determined from h, the. coin- 
puted altitude of the sun at the t.ime of the measure 
ments, the top of the screen havin been kept hori- 
zontal by means of a spirit level. &t.h tho top hori- 
zontal it has been assumed that the sides are vertical. 
With the sun shining through the top of tohe cage, 
i = goo - h; when shining through a side, i = h. 

Mean 
.\ug. 14: 

9:55 a. m.... 

TABLE 3.-Dcterniinations of the transmission coeficient, a, of wire screen 
.with the wires of the woof at normal incidence, and nt right angles to 
these wires the angle of Cicideuce .with the plane of the cloth=i. 

[Radiation in gsru-calories per min., per sq. cm.] 

........... 
7 

- 
I 

4:01 p. m....' 
9:52 a. m.... 
954 3. Ill.... 
Y:?h 3. m.... 
9:2$ 3. m...., 
9:W a.m.... 
9:3? a. m.... 
8:34 a. m.... 
9:36 L. m.... 
9:38 a. m.... 
9:40 3. m.... 

Mean 

1120 3. m.... 
112s 3. Ill.... 
11:30 a. m.... 
11:32 3 .m .... 
ll:Y4 a. m.... 
ll:3li 3. m.... 
11:% 3. m.... 
11:40 3. m.... 
llA2 a. m.... 

Mean 
W e i g h t e d  

Au:. 17: 

AUC. 1s: 

Aug. 22: 

mean ............. 
-. .. 

INo.0, 
Date and time. i read. 

I in@. 
I 

9 

7 

1 

1 
1 
1 
1 
1 
1 
1 

......... 
1 
1 
1 
1 
1 
1 
1 
1 
1 

........... 

I 1  

... . .- ... ,__ 
1916. 1 

.!ll.c. 14: 
11:*2 a. I l l .  .. .' I l1 

Radiation. 

Total. 

Gr.-cal 
1.417 

1.311 

1.0*3 
1.10s 

1.041 
1.051 

1.115 
...... 
1.353 

1.372 
1. ?58 

0. (133 

1.008 
1 . 0 2  
1.031 

1.017 
1. E 4  
1. cr2s 
1. WS 
1.021 

1. ni:< 

1.172 
1.l.S 
1.170 
1.191 
1.lW 
1.141 
1.155 
1.158 
1.179 
....... 
....... 

- 
n cage 

!?r.snl 
0.928 

0.763 

0.691 
0.746 

0.642 
0.7E 

0. i37 
....... 

0.7i1 

0. i56 
0. *XI 

0.56s 

0.602 
0. Gll; 
0. WJ 

0. ti00 
0. G?0 
0.029 
0. li'0 
0.60' 

0.li07 

....... 

0.59 
0.587 
0.554 
0.577 
0.56" 
0.554 
0.553 
0.553 
0.547 
....... 
....... 

Trans- 
mission, 

a 

Q. 651 

0.5% 

0. A63 
0.67d 

0.617 
0. M Y  
0. G6? 

........ 

0.574 

0.551 
0.652 

0.574 

0.596 
0.604 
0.597 
O.lj111 
0.5% 
0.6OS 
0. d l 1  
0.6W2 
0.5YO 

........ 

0.406 
0.495 
0.499 
0.485 
0.476 
0.4% 
0.479 

0.464 
n. 477 

........ 

........ 
- ... - 

i 

0 ,  

25 2s 

49 22 

32 4s 
2 9 0 1  

39 13 
31 44 

31 50 
...... 
51 02 

53 $2 
31 23 

19 41 

44 50 
15 16 
15 36 
15 58 
16 20 
46 42 
17 03 
47 24 
17 51 
....... 
jl 01 
;; 
51 30 
i l  38 
i l  46 
il 54 
E 00 
93 OY 
....... 

- 

8 

- 

1.05 

1.24 

1. (M 
1. OB 

1.13 
1.10 

1.08 
.._. 
1. 2z 

1.31 
1.10 

1.25 

1.18 
1.19 
1.19 
1. "0 
1. 20 
1.21 
1.21 
1.22 
1.22 
..... 
1.48 
1.49 
1.49 
1.49 
1.50 
1.50 
1.51 
1.51 
1.51 
..... 
._._. 
-_ 

100- 
8 

0.3?9 

0.337 

0.310 
0.307 

0.338 
0.303 

0.313 
0.319 

0 .31  

0.343 
0.31s 

0.342 

0.339 
0.383 
D. 339 
3.33' 
3.343 
3. :E4 
3. 3'1 
3.32li 
3.336 
0.333 

1.341 
1. s39 
). 336 
1.346 
). 349 
I. 341 
I. 345 
I. 840 
1.355 
D.344 

L327 

Remsrks. 

Through horl- 
EOllt3l top 
of cage. 

n 0. 

D0.b 
D0.c 

Do,b 
D0.c 

Do. 

Through ver- 
tical side of 
cage. 

Do. 
Do. 

Do. 

DO. 
Do. 
Do. 
D 0. 
DO. 
D 0. 
D 0. 
DO. 
D 0. 

D 0. 
DO. 
D 0. 
D 0. 
D 0. 
DO. 
DO. 
D 0. 
Do. 

h ivhelioineter outsidc door of cage at  dlstsnce from screen. 
c Pj-rheliometer on hlgh bos close tdscreen. 

Let the angle between t.he horizont.al projection of a solar 
ray and n wire of the woof be called 8. Also, project the 
solar ray upon two planes perpendicular to the plane of the 
cloth and to each other, one of which contains tt wire of 
the woof and the other is perpenclicular to these wires; 
and designat,e by CY and i, respect,ivel-y, the angles between 
these projections and a line vertical to the plane of the 
cloth. Further let L = the length of a section of the warp 
between intersecting corners, iind y = its projection upon 
the pj-rheliometric surfnce. Espressed in ternis of t.he 
1eiig.tli of a section of the woof between these inter- 
secting corners, 

(2) 
1 

cos (sin-' 0.3602) 

l lS  cos (.i+sin-' 0.3602) + lp2~0s(i-sin-~0.3602) 
cos (sin-' 0.3602) cos (sin-1 0.3602 sin a) 

L =  
end 

1' = 

(3) 
- cos i -- 

cos (sin-l 0.3602 sin CY) ' 
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The equation for S now becomes 

(4) 

In the above e uation, for transmission through talie 

0.450 0 100 p (0.550-0.100/~0~.i) S= - +--?+- os i cosa cos i cos a! 

horizontal top of t R e cage 

(5) 
. .  cos 7vsine sin a = -==.-__ 

Ji -CCOS% cosv 

(6) 
COS I ~ C O S ~  

COS i = COS 7~ sin e, (7) 

cos a! =sin e. (5) 
For computing the shnclin effect of a vertical side of 

(9) 
0.550-0.100/coshsin8 0.45 0 100 s =___ +---.--.+ 

cos hsin 0 cos Asin 8 sin Bcos (sir10.3GO2 cos e) 
Tlie e s  9, 1 d equation for computing the shacliiig 

complicated. For all practical purposes, however, we 
inay employ tlie equat.ion 

and 
sin Q = -_==. 

J1- cos2 It. sin2 e 
For transniission through a vort.ica1 side of the cage, 

and 

the screen equation (4) may % e espaiided to 

effect of t rnce e horizontal top of t.he screen becoiiies very 

_______. 

E=- + 0.550 + 0, 
sin h 

where c! is a correction to be applicd for the eflect of 
the bend in the mires of tlic warp. It is negligible for 
sniall values of the tingle a, is about 1 per cent for a= 
45", 2 per cent for a = G O o ,  and for larger values of Q 

will rarel exceed 3 per cent. 
In Ta 5; le 4 are sumnmrized nie:isurenients made 

through the horizontal top or a verticd side of the cage, 
and reducecl by e uations (9) and (10). The angle 8 

side of the cnge and the edge oftlie shdow cast on the 
ground by an upri-ht corner. Some irre lttrit,ies appesr 

the deterniinntions of 0 iiiid A., nncl p:irt,ly to t.lie fact 
that the wire c.1otli is not stretched perfedy flnt on t.he 
frames. It is t.0 bc noted, however, thato the weiglit.ed 
rnenn of ( l O O - a ) / S  differs by less t,lian 1 per cent, from 
the mean of the resu1t.s given in Tables 2 rind 3. 

The mean value of (100-n)/S as derived from Tables 
2, 3, and 4, is 0.332. This value indic.at,es 1% di:.iniet,er of 
the wire of 0.01139 inch iaste:id of 0.01 1257 inch, an in- 
crease thst niny ensily have been brought about bv osiiln- 
tion. Ap nrently there is little reflection from the wires 

The nngle Q that produces complet,e sha.din by the 
wires of the warp is  not so easily determine% as the 
nngle i that produces complet,e shadino by the wires of 
the woof, on account of t.lie bend in tEe fonner. Witjh 
the cloth horizontal, and 8=Oo, every other row of 
overlnpping corners will come together so BS to produce 
a line of comp1et.e shading on a wire of the woof when 
h-29' 35'. Coniplete shrtdin between t.he four wires 

centers when h . = l O o  23', nnd complete shading of the 
p rheliometric surface will h w e  been accomplished 
w t en h=5O 10'. With 8=45" the shading becomes 
complete when h = 7' 19'. 

has been obtained 'b y nimsurin- the :in le between the 

in the results, paray due no cloubt t.o 1n.c Y < of accumcy in 

to the pyr P ieliometiic surfnce. 

of the warp thus meeting mil 7 hn.ve est.ended t,o t,heir 

TABLE ~.-Ddtn.i,i5iar~l~7~ of the tra7ant1ission eoqfi&nt, a, of wwe 8wem 
2( 'h t7h exposed 1 1  n h o r i m ~ f n l  or zrrticd plone. 

[Radiation in gram-calories per min., per sq. cm.) 
. ...... 

I 
Datr and No.o 

time 1 :red- 
ti5t.h 1Ier.L I I U ~ S .  

I 
iaia. i 

.\up. 14: 

Ang. 22: 

Allg. 14: 

Aug. 2: 

Sepr.. 21: I 

2 : a p .  In.. < 
10:Ea.  m.. ! 

253  11. m..  $ 

9:43:1.lU..l I 
1 ~ 3 R s . m . .  t 

9:3On.m..j 1 
9:32 n. I l l . .  I 

9:Ai; n. m . . !  1 

m p . m . . i  L 

9::j.I 3. 111. .I I 

9.50 3. 111..  

hfem.1.. ..... 
1:42p. m..! I 
I : ~ . I o .  m..l I 
IAI; p. m..! 
1.4s 11. m..i 
1:.50 I o .  1 1 1 . .  

1 5 1  1'. 111..1 
1:Slip. m..l 
1 :5i p. m . . 
200 p. in.. 
2:02 p. in.. 
?:{I4 p. m.. 
2.08 p. m. .  
2:NJ p. in.. 
2 2 2  11. m..  
2:l.l p .  m.. 

]:.Ti,). in../ 

2:nc p .  111.. 

3fesn.. .I.. ... .I.. ..... 
Weighted ....... _,_.  .. ... ... 

mean. 
I 

n. 25-1 
n. ??ti 
(I. ?ni 
(1. 1CIR 
It. 1 ,Si 
11. 178 
lI.1Si 
11. 15.1 
I). 1-17 
It. 138 
(I. I25 
(I. 114 
0. lllrl 
(I. IJSS 

11. niij 
0. Ks2 

(I. 0i.i 

1 e 

S r!? Remarks. 

- __ - ._ .- - 

i 
52 12 25 411 1.13 0.317 Thruhor. top. 

4 i  112 30 "01 2.15 1J.321 Tliru vert. side. 

S2 12 34 311. 1.13 0.319 Do. 

.....I.. ..... 0.34.5 

............ I -.I .... .I I 
0-334t , 

DO. 
Do. 
Do. 
Do. 
Do. 
DO. 
DO. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
DO. 
Dn. 
DO. 
Do. 

In the customnr use of tlie cage it is necessary .to 
consider not, only t K e trnncniissii i n  of direct, solar rndia- 
tion, as itr has been deteniiincd nhnve, but also the 
trnnsniissioii of clifluse sky rndiiltion. If the latter has 
the snnie :ingle of incidence as the Iornier the trans- 
mission cwefiiient for tlic two should not, differ. But 
we must. consider the angle of inciclencc fnr sky radiation 
:is ti w-ei$:h terl nimn of d1 p o d ) l e  angles, sinal1 an-les 
h v i n g  the grenter weight. This mean inny be eiher 
grcater or less than the angle of incidence for solar 
rndi:ition, and, unlike tlie latter, it will Tary but little 
tlirongliout~ the day. 

Furthermore, &Ie the rndiatinn reflected from the 
small section of wire cloth to which the Sniithsonian 
pyrheliornet.ric sm-fn.ce is esposerl mn,y be inappreciable 
in amount,, the reflectmion from the en t'irc. interior surface 
of t,he cage may hc a nis~sura'lde uaiit,it.y.. 

recriveB at, different poiiit>s wit,liin a wire cage hns been 
determined hp alteriintcly exposing a Cnlleiidnr recording 
pyrheliometer inside and outside tlie cnge.l This pyr- 

The roport.ion of t.lie t o td  sin 't n,r and sky radiation 

~~ ~ 

1 The pyrheliomrtar is drsrrihed in this REVIEW Ior August, 1914,42 474-4RO; and 
the Iactors hy which its records may be reduced to heat units ore given In thLs REVIEW 
for January, 1016; 44: 4. 
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heliometer has its receivina surface esposed horizontally 
to the whole heniispliericaPvault of the sky. l l i e  top of 
the wire cnge has also been kept horizontnl. Figures 1, 
2, and 3 are reproductions of records ohta.ined, t,he solid 
portions of the traces indicating actual record, and t,lie 
do tt,ed portmiom the record su >plied by in t.erpolnt,ic:)n. 

The intermediate c u v e  represen t.s t$e radint.ion recortIed 
inside the c.age. 

In  Table 5 are coniputtat,ions by equnt,ioiis (9) and (10) 
of t.he vnlue of S ,  from data obtninecl in wnneet8ion wit.li 
the orioinnls of the d i m e  curves. Tlie “r:~cliiit.ion 
record”agives the distance in tenths of inches from the 
zero line on the record sheet to thc respective tmces 
at the times specified, a tenth of an iiirli lwing the 
distance between the liorizont.:i’ly ruled lines on t.lie 
record sheets. In figures 1 to 3 every iifth liiic cmlp 
is drnwn in full, the spacing for t,lte reni:ining lines being 
shown on the riglit, mid left. nxrgins. 

The method of det.ermining 7i and e has already been 
described. 

It, is t.0 be noted that the vnlura of (100 - n ) / S  :?re sys- 
teinat,icallT; lower than in Tablcs 3 :md 4. We mn.y 
coni utae the hit.ensity of ra.diat,ion inside t.he c q e ,  t,Ii:tt, 

equn t,ion 

Rrtdint.ion in cage = (100 --0.3:;28’) x total rntlint.ic-Bn. (1 1) 

TABLE 5.-Dctmination of the trammission coefficient, 3. qf rrire screm 
for solar nnd sky radiation. 

The upper curve is the recorc t of t,lie tjot,id rxdintinn. 

wou P d hnve given for (100 - cr)/S t,he vdue 0.332, frmi t,lw 

1916. I 

11:SOa.m. 41.3 21.2 0.513 
NOON -.__. 42.0 22.5 o . . m  
1230p.m.  41.3 22.5 0.545 
l:GUp.m. 40.4 22.1 0.Mi 
1 : ~  p. m. 39.81 20.6 0 . ~ 2  
ZOO p. m. 3s. 2 1s. 7. 0.47t.8 
2 1 0 ~ .  m. 35.1 15.1 0.470 
3:00 p. m. 31.1 11.9 0.3S3 41 m; 27 qoi?. 17 n. 9Ci 
3yOp. m. N.5 0.340 35 %I 10;?.49( o.&/ 

9.0, 

930n. m. 35.3 23.5 0.137 
10:GUa.m. 41.0 B.2 0 . ~ 6  
1030a.m.  44.4 21.0 0.473 
11:oOa. m. 46.6 13.0 0 . m  
1:Wp.m. 44.5 9.0 0.202 
1:30p.m. 41.2 1s.d 0.451 
2:GU p. 111.1 37.4 21.!1 0 . 5 ~ 4  
2 3 0 p . m .  33.8 2O., 0.612 
3:GUp. m. 29.7 1S.ti 0.173 
3 3 0 p . m .  34.7 

430p.  m. 13.4 Zil 131 0.652 
4:00 p. m. 19.5 

930 a. m. 
1O:OO a. m. 
1 1 : ~ ~  a. m . I 

Sept. 1 9  

Bept. 20: 

300 p. m. 
400 p. m. 
4:30 p. m. 

29.9 18.2 o.fi19 
35.1 21.1 0.601 

43.4 28.7 O.lxi1 

3-L.o 21.Y 0.641 
27.5 17.0 0 . t X  
18.2 9 R 0.539 

41.7 s . 3  n .mi  

41.0 z . 0  n . w l  

15.0 ti:il 0.4071 

Suu through top. 
T‘O. 
Do. 
110. 

DO. 

Po. 
Tlo. 

r)o. 
no. 

In  the last column of TRb’e 5 is given the difference, D ,  
between the radiation measured in the cage, or the 
observed radiation, and that coni n t e d  by means of 

at a maximum when the incident angle for direct solnr 
radiation is large. 

equation (11). It will be noticed t \ i:it the difference is 

On Sepbember 19, a record of the totonl sky radiation 
was obtained a t  1 :10 p. m. (E, fig. 2). It shows almost ex- 
actly the same int,ensity ns that measured nt 12:45 1). m. 
inside the cnge, when the yrhe!ioiiiet.er was coniplet.e!y 
slilnded from t,he sun by t. P le wooden h m e  of t,he cage. 
Since, ;is will be n piwent I:it.er from equ:it,ion i12), we ran 
not, suppose t,lia,t t. F le trmsniissitm of sky rndint,ioii averages 
niiich over 0.5, nearby one-hdf t,he r:dint.ion measured at 
12% p. m., or ahnut, two spces  on tbe rec,.orcl sheet, must 
represent, r:dintio‘n reflected Irom t,he wire cloth. The 
differenccs in t,he last column o€ Table 5 u7csuIc~ lend us to 
es iect n value of t,his order for t,he reflected radintion. 

h i e  meilsurenient,s summmized in T:l.b!r 5, and a!so 
ot,lwr nie:isurenient,s not here given, indicnie t,lint for t,he 
t.ot.:il solnr and sky radi:i.t,ion t,he shndiiig efect, is not 
0.3:.<8S, ;IS €or direct so!a.r rndiat.ion, hut, t.li:it. it. vnries 
I?ctwtren 0.33nS niitl 0.8T08, the higher v Jue  c(irrespcm1- 
iiig t.0 smnll values of t.lie angle o€ incidence for solar rays, 
n n t l  t,he lower vnlue to large incident nngles. Prohd)ly 
11.:30OS is an average valuc. 

In the cage wit.11 wliich these t,esbs were mnde the 
\\--cloden frame consists of 2,” x 14’’ st,icks, wit.11 II 4’’ 
strip nailed on the out,sitle t.0 secure t.he wire clot.11. 
Across t,he center of t.he t,cy iincl pfirallel \.vith t,lie wires cif 

t . 1 ~  wirp is a. 14” x I.,“ st.1c.k. 
For nnrnial incidence caf t,he soliir r:~,j-s with t,lie t,op of 

t.lic cage, nnd cimsiilering the rays piir::Ii.el, t,he frame 
shntles 15 per ccnt of t,he 4~-muh cube iiwlosed 1.iy tlx wire 
c!otli. For norninl incidence 1vit.h t,he cnst. or west. side t.he 
shncling is 16 per cent,, nnil for norninl incidence wit11 t.he 
siiut,h si& it! is 30 per cent. 1Vit.h t,he mgles h niid e e:!& 
equal to aso, the sliding is 1s per cent. The shndiiig by 
thc nort.li side is considerddy in escess nf t,I.ie shading l y  
the ritlie,r sides, on account. of t,he fr:uiiie of the cloor :t 
coiit,:i.ins. Since, however, this side tmiismits rerp 1it.t.L 
dircrt, s o h  riidia.t.ion, it, is of relnt,irel-j- small import,:ince, 
nnrl we s l d l  not. be grent.ly in crror if we :~ssuiiit? 1s per 
ccn t. for t,he averri.gc slindinp by t,he wooclen Irnme VI the 
cnge. The averngc? t,ot,:ll s1i:icling eff& of thc wire cage 
for s ~ h r  nnd sky rndintion, or h” ~ J I I ~ J ‘  t,licwfvre he 
ttpprosiliiitt,cly P S ~ W S S C ~  1)s t h  N ~ U *  4 1  t‘ , lCII l  

S ’ =  0.1Sfo.e2xo.:3oos = 0.1S+0.34B8. (12) 
St,ill rtnot1ie.r npprosimnt,ion to the shading effect, of t,he 

wire cage niny he derived from the mlues of (7. in Table 5, 
mean va.lues of which for different, hour angles of t,he siiii 
from t.he meridian tire given in Table G. 
TABLE 6.--Traiasaiissio~i. of wirc screen. j o r  solnr and sky mdiutioii. 

’ i the sun is shining. 

‘ ::::p 1 South. I Top. 

Side of rage throuch which 

i Sun’s hour angle from the merirlian. 

.................... 

.......... 0.41 
0.61 

0.56 0.65 

..................................................... 
3-2.. .................................................. .’ 
2-1 ..................................................... 
1-0.. I 

! 
................................................... -_ .__ 

At midday the altitude of the sun above the horizon is 
90’ - t$ + 6, where C$ is the latitude of the place and 6 is the 
solar declination. 

South of latitude 40’ N. the solar ahitude at noon will 
esceed 50°, froni the vernal to the autuninal equinox, and 
more than half of the space wit.liin the screened inclosure 
will therefore receive solar radiation through the top of 
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CURVE9 OBTdINED BY CALLENDAR RECORDING PPRIIELIOJl RTEIt. 

FIG. %-Wire incect cage Iransu&kni tests Septenihcr 19 1916. I.'pper ciin-e I A tot31 salnr and xIrv rndintion menwrcd outside The rage. Intermedinta curves radiation 
E, total sky>adlation, mewitrrd iodide the c 3 ~ :  B E ,  wltli stin hiinin: lhroitgi east side; C,  with s& sliihng through south' ride; D 0: with biin shininq through west side. 

meawrrd out$ide the mgc. 
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the cage. Durin most of this period this is t.rue for two 

35O it is true for about three hours. 
With h greater than 45' the average value of a. for solar 

and sky radiation, with the sun shinin through t,he top 

sun shining through the east or west side of the cage, the 
value of c1 generally exceeds 0.60, and it will not fall below 
this value unless e is a small angle. 

Plants far enough back from the south side of the CR e 

middle of the day will therefore receive about 65 per cent 
of the total radiation, escept when shaded from direct 
solar radiation by the wooden franie of the CBW, and this 
will average about 1S per cent of the time. buring t.his 
time they will receive about S per cent of t,he tot.al radia- 
tion. Therefore the proportion, A, of the tot.al radiation 

hours each side o 9 true solar noon, and south of latitude 

of the cage, exceeds 0.60. With lb  less 5l t an 4 5 O ,  with the 

to receive solar radiation talirough the top during t, a e 

the cage should receive on an average at  least one.-half 
the total solar and sky radiation, unless it is very close to 
the sout*li side of the cage, and is coiisiderably south of 
latitude 40° N. 

SUYYAEY. 

1. Pyrheliometric measurements show that a.t normal 
incidence with the wire cloth the wires int,ercept 0.332 of 
the solar radiation, or about what we would expect of 
16-mesh clot,h macle of No. 29 wire, American gage. 

3. Pyrheliomet.ric measurement.s show that ec uation 

a vertical side of the cage, and equation (10 )  for t,rans- 
mission through t.he horizontal top of t,he cage, except for 
very large incident angles. 

3. For t.lie t,ot,nJ solnr and sky radiation, measurenients 
with u Callendar recording pyrhelionieter indicate t,liat 

(9) applies for the tritnsniission of solnr radiat,ioii t I irough 

FIG. 3.--Wire i m c t  cage transmission testa, September 20 19113. Upper ciirve, -4 A ,  total ydar and skv radiation, mcmired outaide the cage. Intermediate curve, B B ,  
r a d h o n  measured inside the cage, wlth sun sliinhg through top. 

received by the plant, may be espressed approsimat,ely 
by the equation 

A = (0.08 X 0.18) + (0.65 X 0.82) = 0.55 (1 3? 

If the plant is so near the east or the west side of the 
cage that it does not receive solar radiation through the 
top of the cage until nearly noon, the traiisniissioii for the 
two hours preceding or following noon may be reducecl to 
about 0.30, and the proportion for the day may be less 
than 0.50. 

If the plant is so near the south side of the cage t.hat it  
receives its midday solar radiat.ion t,hrougli this side, t,he 
transmission for t;he four midday hours may be reduced 
to from 50 to 30 per cent, depending on the values of 
h and 0. 

The lower the latitude the less will be the amount of 
radiation transmitted through the south side of the scre,en, 
and, likewise, the smaller will be the area receiving radia- 
tion through this side. Therefore, a plant in any part of 

ecpation (12) gives approsimnte rcsults, where S is deter- 
mined from equation (9) or equation (10). 
4. From equations (13) and (131, it  appears that, a 

plant in any part of the cage, escept close to the south 
side, should receive about 50 per cent of the total radia- 
tion. 

Equations (1) to (10) can be adapted to wire cloth of 
any character by changing the constants in e uations 

cloth and the diameter of the wire. Equations (12) and 
(13), which are a t  best only apxosimately correct, are 

(11, (21, and (41, which we derived from the mes x of the 

not easily derived mathenint ical I y. 
CECUYZENITHAL ARC WITH A BLACK BAND. 

By HOWARD H. MARTIN. A h t a n t  Observer. 
[Dated: Fort Worth, Tex., dug. 12,1916.] 

An exceptional opportunity to make accurate ohservs- 
tions of tehe circumzenithnl arc was afforded the writer on 
the afternoon of August, 6, 1916. The phenomenon was 


